






































Table 2

TILE DRAINAGE DISTRICT STATUS
Skunk River Basin

Tile 1/
Capacity County
Status Boone Hamilton Hardin Polk Story Total
Inadequate Status
Very Low
Districts (no.) - - - 1 6 7
Area (ac) - - - 1,549 8,749 10,298
Low
Districts (no.) 7 5 1 20 33
Area (ac) 7,414 12,370 1,890 26,613 48,287
Medium
Districts (no.) ) 14 -~ 17 37
Area (ac) 4,086 8,292 - 14,335 26,713
Subtotal for Inadequate Status
Districts (no.) 13 19 1 1 43 77
Area (ac) 11,500 20,662 1,890 1,549 49,697 85,298
Percent of total 37.9
Adequate Status
High
Districts (no.) 6 30 - - 14 50
Area (ac) 3,214 21,711 - - 17,300 42,225
Very High
Districts {(no.) 30 83 - 1 37 151
Area (ac) 24,403 46,043 - 1,144 26,234 97,824
Subtotal for Adequate Status
Districts (no.) 36 113 - 1 51 201
Area (ac) 27,617 67,754 - 1,144 43,534 140,049
Percent of total | 62.1
Total
Distriets {(mo.) 49 132 1 2 94 278
Area (ac) 39,117 88,416 1,890 2,693 93,231 225, 347

1/ Tile Japacity Status:

Very Low = Less than 30 percent of required capacity
Low = 30-60 percent of required capacity
Med = 60-80 percent of required capacity
High = 80-100 percent of required capacity
Very High = More than 100 percent of required capacity
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Complete tabulation of the inventory data stratified by county and outlet
adequacy are shown in Appendix H.

Drainage distrlicts were placed in two broad categories and five
gpecific classifications based upon the installed tile main capacity
compared with required capacity (Table 2):

Adequate Status

Very High - Capacity exceeds specifications (Appendix F)

High - Capacity equals 80-100 percent of specifications

Inadequate Status
Medium — Capacity equals 60-80 percent of specifications
Low — Capacity equals 30-60 percent of specifications
Very Low — Capacity less than 30 percent of specifications

Systems in the "adequate” group would likely provide satisfactory
drainage to the extent that increasing capacity would be uneconomical.
Systems in the "inadequate™ group totaling 85,298 acres have such
deficient drainage capacity that improving capacity would be economically
beneficial.

Information from other recent related studies was useful in pursuing
these drainage studies In the ERA 103 part of the Skunk River Basin.
Yield data and the percent of Poorly Drained (PD) and Very Poeorly Drained
{VPD) soils were taken from the Des Moines River Basin Study reports,
1983. TLland use was taken from the Upper Skunk River Basin report
prepared for the Corps of Engineers by $SC3 In 1985,

30ils were grouped according to natural properties relating to
excessive wetness. "UWell Drained” and "Somewhat Poorly Drained” solls,
that infiltrate water through the surface and percolate it downward
fairly efficiently, are generally not subject to wetness problems
resulting in significant economic loss. Thus, the 42,339 acres in the
above category are not part of the problem area {Table 3). Seils with
slow rates of infiltration and percolation, or high water tables, require
improved drainage facllities to remove excess water in a timely manner.

50ils with the mest severely impaired natural drainage are classified



"Poorly Drained” and "Very Poorly Drained."” TFconomlc evaluation was
confined to these two groups of solls totaling 42,959 acres with wetness
problems clearly evident unless drainage measures have been installed

(Table 3). Examples of the problem soils are:

Poorly Drained 1/ Very Poorly Drained 2/
Webster Blue Earth
Canisteo Okoboji
Harps Knoke

Table 3

NATURAL SOIJIL WETNESS CHARACTERISTICS
Skunk River Basin

Natural = Study Economic Potential For
Characteristic Area Portion Drainage Improvement
(acres) (percent)

Well Drained 23,938 28,1
Somewhat Poorly Drained 18, 401 21.6
Subtotal 42,339 49,7 Weak
Poorly Dralned 39,372 46,1
Very Poorly Dralned 3, 587 4,2
Subtotal 42,959 50.3 Strong
Total 85,298 100.0

1/ Poorly Drained — By nature water is removed so slowly that the soil is
saturated periodically during the growing season or remains wet for
long periods. Free water is commonly at or near the surface for long
enough during the growing season that most Towa field crops generally
cannot be grown profitably unless the soll is artifically drained.
The soil is not contlnuously saturated in layers directly below plow
depth. Poor natural drainage results from a high water table and/or
a slowly pervious layer within the profille.

2/ Very Poorly Drained — In nature these soils' wetness problem
characteristics exceed l/ above by having free water at or on the
surface during most of the growing season. Very Poorly Drained soils

are commonly level, or depressed, and are frequently ponded.
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This analysis 1s based upon the premise that the status of tile
drainage improvement and crop distribution are present in the same
propertion for Poorly Drained and Very Poorly Drained soils as is true
for the study area.

Crop yield data were developed during the Iowa State University-Soil
Conservation Service cooperative dralnage study for LRA 103 completed in
1983 (Appendix A). Yield data for corn and soybeans were compiled for PD
and VPD soils depending upon tile drainage status (Table 4)., These
scenarios show very significant yield depression for "Low" and "Very
Low"” drainage status conditions.

Table 4
AVERAGE YETLD BY DRAINAGE STATUS 1/
Skunk River Basin

Crop and Natural

Seil Wetness Tile Drainage Distrlet Status
Characteristic High Medium Low Very Low
—-—— bushels per acre —-—-

Corn

Poorly Drained 128 124 89 69

Very Poorly Drained 126 116 61 21
Soybeans

Poorly Drained 46 45 32 24

Very Poorly Drained 45 40 24 8

1/ Source: Drainage Report, Des Moines River Basin Study, 1983,

Related to the total study area, land use is 90 percent corn and
soybeans, divided to corn 51.3 percent and to soybeans 38.7 percent. The
remaining 10 percent includes minor acreages of small grain and hay and
miscellaneous use such as rocads and farmsteads., Economic analyses for
evaluating drainage improvement were confined to corn and soybeans

(Appendix I).
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PROBLEMS AND CONCERNS

Sponsors noted inadequate drainage of cropland as one of the major
land and water resource problems of the Skunk River Basin. Inadequate
drainage systems result in partial or total crop losses. Some of the
associated problems of poor drainage of wet solls are as follows:

1. Reduced farm income because of lower crop yields
2. Reduced quality of products

3. Increased seed and machine costs from replanting
4. TIncreased energy requirements

5. Increased machinery maintenance

6. Decreased efficiency of farm operations

7. Higher utility and road costs

Wet cropland soils reduce the depth of effective root zone resulting
in less nutrient availahility to plants. Shallower rooting may cause
plant stability problems and greater susceptibllity to drought damage.
Wet solls, when frozen, cause greater heaving damage to tap roots of
perennial plants. Specific heat of wet soils is higher, thus requiring
more energy to increase soll temperature. Consequently, wetter soils
warm more slowly during the critical early planting period. Thus, length
of growing season 1s reduced when solls are wet. Because wet soils
interfere with tillage, retard plant development, and delay harvests,
crop vields are reduced, costs increased, and crop quality is lowered.

In this Basin excess water in the soll profile comes from high water
tables, precipitation, snowmelt, underground seepage, and floodwater from
channels. Agricultural drainage is divided into two broad classes,
surface and subsurface. Many systems in the Skunk River Basin serve the
dual purpese of surface and subsurface drainage. In LRA 103 1t is very
difficult to separate drainage and floodwater removal due to the pothole
topography and the use of tile to remove surface water runoff. In
general, however, drainage channels and subsurface drains are not
designed to completely handle peak flow from major storm events.
Floodwater damage within an improved drainage project area will contilnue
with such events but to a reduced extent., Improved drainage systems are

not expected to appreciably alter downstream flooding (Appendix D).
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Many of the open channel outlets and subsurface tile mains in the
area were designed and constructed between 1906 and 1925 and some are
inadequate for today's agriculture. Whlle competent engineers were
usually involved in the design of most of these 60- to 80-year old
systems, former criteria required less capacity than is recognized as
needed today (Appendix F). Present criteria requires two to four times
the capacity of some older systems. Also, for various reasons some of
these old systems were actually constructed with less capacity than the
engineer's design.

Original capacity of many of these old systems has been reduced
through depositlon of sediment, physical damage by animals, tree roots,
unbalanced loading of lateral tlle, subsidence of muck soils, faulty
construction, breakage, and lack of a free outlet. While some subsurface
drainage 1s now being installed, the rate is little more than that being
lost to deterioration,

Institutional and financial problems retard the installation of
needed iwprovements. The topography of the area results in a need for
rather complex drainage systems and many of the present landowners
apparently fail to comprehend the needs of their systems. They also may
be accepting poor dralnage as a fact of life and are not fully
recognizing the potential improved drainage benefits which are available.

Inventory data show the status of tile drainage capacity to equal or
exceed required capacity on 43 percent of the area., This dralnage area
meeting current specifications for capacity is higher than expected and
more than for the Des Moines River Basln nearby. Tands drained with
systems equal to, or exceeding, required capaclty were categorized in a
"Very High" status. Nineteen percent of the land is 4rained at rates
between 80 percent and 100 percent of requirements and has been labeled
as "High" status. The remaining 38 percent, termed "inadequate," needs
positive action to raise the drainage level up to standard capacity.

Tile districts in the "inadequate” status number 77 and cover 85,298
acres {Table 2), Some of the soils in these districts are naturally Well

Drained and some are Somewhat Poorly Drained (Table 3), On those lands
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wet solls problems are generally wminor and they are not included in the
problem area. The problem area includes only naturally Poorly Drained
and Very Poorly Drained soils., Soils with these characteristics total
42,959 acres, about 50.3 percent of the study area. To remedy this need
for improved drainage 86 miles of supplemental tile relief wmains are
needed.

In addition to inadequate tile main discharge capacity other problems
in many drainage systems include open channels with too shallow depths
for gravity outlets from tile mains, and less frequently, inadequate flow
capacity., There is a need for 27 miles of open channel reconstruction.

Where tile mains of large diameter (36 inches or more) are broken
down and/or otherwise faulty, replacement of these mains with new open
channels may be desirable. These situations cause an estimated needed
for 16 miles of new open channel,

To assure fully adequate drainage some fields require additiomnal
laterzl tile due to lack of tile at present, too shallow tile, physical
breakdowns, or faulty design. ©Estimated lateral tile needs sum to 320

miles on about 7,300 acres.

Figure 4. Inadequately drained cropland in LRA 103.
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Economic loss due to inadequate drainage in the inventoried area was
estimated assuming virtually no gain in meeting drainage improvement
needls in the foresesecable future. Crop losses from inadequate drainage
causing reduced yields average $2,733,000 annually on 42,959 acres.
Additional losses from other causes, such as items two through seven
listed at the heginning of this chapter, were not monetarily evaluated.

Table 5

IMPAIRED DRAINAGE L0SS SUMMARY
Skunk River Basin

Corn Soybeans Other 1/ Total
Area (acres) 22,038 16,625 4,29 42,959
Production Loss 7172 191 - -
(1,000 bushels)
Annual Crop Loss 2/ 1,779 954 - 2,733

(1,000 dollars)

l/ Economic loss not evaluated.
2/ Computations shown in Appendix J.

Figure 5. Aerial view of lateral tile system in IRA 103,
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A plan to install the drainapz improvewent needed is outlined in
Table 6. Construction is recommended to improve functioning of drainage
districts throughout the LRA 103 area in the Skunk River Basin in Boone,
Hamilton, Hardin, Polk, and Story Counties, Drainage improvement would
be accelerated from the current rate of essentially no net gain to that
necessary to complete the plan in 20 years.

The mix of plan elements in Table 6 reflects needs to install or
improve open drainage channels, increase tile main capacity by adding
relief lines, and constructing or reconsfructing field lateral tile lines.

Tile relief mains are recommended for installation in a parallel
position near existing tile mains which have inadequate capacity. Sizing
of relief mains should be done to bring total capacity up to 100 percent
of required capacity. &bout 500 acres are served per mile of tile main.
A small amount of new open channel is needed to replace old, severely
deteriorated tile mains. This is a more economic alternative than a
total replacement of the tile main would be in certain instances,
especially where required tile size is very large. Depending upon land
rights cost, excavation costs, tile costs, and landowner preference the
size division between tile and open ditch 1s approximately at 36-inch
tile diameter. Open ditches need to be reconstructed where maintenance
has been neglected such that capacity and/or depth are inadequate. To
fully gain the benefits of improved outlets some lateral tile needs to be
added to field systems on about 15 percent of the problem area. To a
limited extent owners also need to improve the timely removal of surface
water by construction of shallow field drains. Such drains are normally
designed so that planted crops occupy the ditch area.

Technical assistance by the Soil Conservation Service would be
limited to interpreting solls data and providing engineering criteria for
design and construction., Design criteria for drainage is available in
the 8CS Technical Guide and the Iowa Drainage Guide. The SCS would
assist in identifying wetlands. See 5CS wetlands policy and note on 1985
Food Security Act (Appendix ¥). Design plans and construction inspection

would be provided by others.
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Table 6
DRAINAGE IMPROVEMENT
Skunk River Basin

Average
Plan Element Unit Total Amount Annual Amount
Tile Relief Main miles 86 4.3
New Open Channel miles 16 0.8
Reconstruct Open Channel miles 27 1.3
Lateral Tile miles 320 16.0

The improvement of crop production efficiency on wet soils may reduce
the necessity and pressure to farm some highly eredible soils.

Tile main and open channel censtruction could be carried out through
legal drainage district organizations. Private owners would be

responsible for Installing lateral system tile in fields.

< 2 .l e
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Figure 6. Ponding indicates need for open inlets or surface drains.
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CONCLUS IONS

Wet cropland solls problems on 225,347 acres were studied in five
counties of the Skunk River Basin. Tile outlet legal drainage districts
were Inventoried. The outlet capacities were computed and compared with
current requirements. A large part of these districts have "adequate”
capaclty. Other districts are well below current standards and for these
districts an improvement program was developed. Economic analyses
indicate the improvements to drainage would yield benefits equal to about
twice the costs.

Tile outlets with capacities equal to 80 percent, or more, of
required capacity were classed as "adequate”., In the "inadequate”
category 85,298 acres lie in districts with less than 80 percent of
required capacity. WNaturally Poorly Drained and Very Poorly Drained
solls make up slightly over 50 percent of the area and are the soils most
needing, and most responsive to, drainage lmprovements. These 42,959
acres repregent the area for which an ilmprovement project was planned,.
This area is used for 38,663 acres of corn and soybeans for which
increased ylelds from drainage lmprovements result in substantilal
finanecial benefits.

JTuproving dralnage would increase average corn production 712,000
bushels and average soybean production 191,000 bushels annually.
Estimated monetary value of the increased production using 1986
normalized prices of $2.50 for corn and $5.00 for soybeans would be
§2,733,000. Several additional benefits would accrue but were not
evaluated with dollar amounts. Scme of those benefilts include Increased
quality of crops, savings in energy, and more effieilent labor utilization.

In addition to lmproving capacity of existing tile outlets other work
1s required to lmprove or construct open channels and to add and replace
lateral field tile. TDrainage practices needed are listed in the
"Recommendations™ chapter and carry an installation cost of $15,557,000,
Amortized for 50 years at 8-5/8 percent interest plus $§1.06 per acre
average annual maintenance expense ylelds annual costs of $1,409,000 or
an average of $32.80 per acre per year. Benefits average $63.62 per acre

annually resulting in a benefit:cost ratio of 1.94 to 1.00.
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Figure 7. Uniform stands of high ylelding crops follow improved drainage.
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APPENDIX A
SUMMARY OF COOPERATIVE DRAINAGE STUDY i/

In recent vears the U.S., Soil Conservatlon Service and Iowa State
University cooperated in studying the agronomic, engineering, and
economlc aspects of drainage in the IRA 103 part of the Des Moilnes River
Basin. The findings and conclusions from that work are applicable In the
TRA 103 part of the Skunk River Basin due to the close physical proximity
and same solls in both Basins. This appendix includes a brief discussion
of the report stemming from that study.

Additional supplies of agricultural commodities may be produced
elther by planting more acres, by increasing ylelds, or both. That study
emphasized increasing ylelds by improvement of drainage in the Upper Des
Molines River Basin.

During the period 1975-1982 a committee of agronomists, agricultural
engineers, and economists at Iowa State University studled the physlcal,
economlec, and instltutional characterlstics of drainage In north central
Iowa. The initial study was conducted 1in Humboldt County. Data from
this study were used in formulating and applylng procedures for
determining optimum levels of corn and soybean production under several
prlce, cost, and levels of drainage scenarios.

Because of these dralnage investigations, the commlttee was requested
by the Soill Conservation Service to conduct research for the drainage
component of its Des Molnes River Basin Study. Consequently, a
cooperatlve agreement was negotlated by Iowa State University and the
Soil Couservation Service on May 31, 1979,

The objectives of this cooperative study were to: (1) estimate
physical and economic drainage potentlals of soills in the Des Moines

River Basin, (2) estimate the extent to which this potential 1s being

1/ Schult, David L. et al, 1981. Present and Potential Agricultural
Cropland Drainage Conditions in the Upper Des Moines River Basin.
Prepared through a coopevative agreement hetween Icowa State

University and the U.S5. Soll Conservatlon Service.



realized, (3) find out why drainage has been more successful in some
drainage districts than in others, and (4) suggest how success in
achieving the drainage potential may be realized more fully throughout
the Basin.

In conjunction with the Des Moines River Basin Study, parts or all of
10 counties in IRA 103 of north central Iowa were chosen as the study
area (Figure A-1).

Survey sampling techniques were used to obtain certain information.
Two classes of tile dralnage districts were defined for the study. High
success districts were defined as those having a drainage coefficient of
at least 3/8 inch per day. All other districts were defined as low
success districts. For the economic analysis, linear programming was
used to: {1) estimate maximum yields of corn and soybeans at different
levels of drainage and (2) estimate optimum levels of drainage for
production of corn and soybeans associated with varylng prices, costs,
and discount rates, Models were devised to maximize yields and optimize
levels of drainage for both high success and low success districts. The
rodels used were designed to maximize yields and choose among production
activities at three different levels of drainage: (1) present, {2)
intermediate, and (3) high.

Of the estimated 976,000 acres in the study area, 188,000 acres were
naturally well drained soils needing no artificial subsurface drainage.
0f the remaining 788,000 acres, 676,000 acres (86 percent) were estimated
to be at a high level of field drainage, and 77,000 acres (10 percent)
were estimated to be at an intermediate level of field drainage. An
estimated 35,000 acres {4 percent) have no tile drainage.

Drainage districts were also classified according to drainage level,
Of the 788,000 acres that were potentilally dralnable, 748,000 acres were
estimated to have a low district drainage level, and 40,000 acres were
estimated to have an intermediate district drainage level.

If present yield potentials of corn and soybeans are compared with
maximum yields (high drainage situation), only about 68 percent of the
maximum yield peotential is currently realized. By use of 1980 price—cost
relationships, tle study analysis demonstrated that 99 percent of the

maximum yield potential is obtainable,
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The present value of net returns over a 20-year perlod was estlimated
using various price, cost, and discount rate combinatlons. For 1980
prices and costs and a 16 percent discount rate, the present value of
expected net returns of drainage for low success districts was
$124,738,000 over a 20-year period. For high success districts, the
present value of expected net returns of drainage was $4,576,000.
Therefore, the present value of the potential net returns of dralnage 1in
the study area to be captured over rhe next 20 years was estimated to be
$129,314,000. The average annual net revenues in 1980 dollars over the
20-year period would be $6,466,000. Care must be used in treating these
average annual net returns as actual net returns for a given year within
the 20-year perlod. Estimated net returns in a particular year could
range from $33,610,000 to - $5,972,000 depending on weather conditions.

Based upon responses of the farm operaters in the study sample and
the analysis of lwproved drainage potentials, seven reasons were
suggested for failure to achleve production potentlals through improved
drainage. These reasons are: (1) uncertalnties associated with
drainage, (2) drainage investment attitudes of farm operators, (3) age of
farm operator and drainage Investment, (4) farm operator attitudes within
low success districts, (5) differences in farmer attitudes between high
success and low success districts, (6) farm operator yleld espectations,
and (7) drainage district operations.

For further details concerning this study refer to Des Moines River

Basin Study, Drainage Report, USDA-SCS, 1983,
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APPENDIX B
GENERAL SOIL INFORMATION

Soils associations of the Skunk River Basin are shown in Figure B-2.
The map shows geographlc areas where major soil groups occur. These soil
groups are called soll assoclations. A soll assoclation is comprised of
soils that are closely assoclated geographlically and occcur in a
characteristic pattern (Figure B-1).

The group of solls in the Upper Skunk River Basin is dominated by
Wisconsin glaclal till-derived solls developed under a native vegetation
of prairie grasses. Detailed Information about the individual soils is
available in published soil survey reports or In SC§ files. The
accompanylng General Soil Map (Figure B-2) is not intended for intensive
planning and wanagement of a farm or individual field or for selecting
exact locations for roads, buildings, or structures. Soils in one
association ordinarily differ from soils in another association In one or
more of the following characteristics: slope, depth, drainage, and/or
other features that affect management. Most dralnage ilmprovement needs
are located in Soil Association 1. Soll Association number 1 is briefly
discussed below:

Nearly level to moderately sloping (0-9%) prairie-derived soils

developed from Wisconsin glacial till on the Cary Lobe. Webster,

Okoboji, Canisteo, Clarion, Storden, Niceollet, and Harps are soils

found in Soil Association 1.

The solls in this association formed under grass vegetatlion., Relief
varies from short irregular slopes on the higher areas to slight
depressions in low areas. Surface drainage is not well-developed and
runoff water commonly accumulates in the lowest areas.

Webster solls are Poorly Drained and occur in nearly level areas, and
narrow dralnageways. They typically occupy lower elevations than the
Clarion and Nicollet soils. Tile drainage is needed in meost areas of
Webster seils.

The Okobo]l soils are Very Poorly Drained and commonly occur in
depressions., Surface drainage as well as tile drainage is needed on

these soils.



The Canisteo solls are Poorly Drained and have a high content of
lime. They occupy similar landscape positlons as the Webster solls,
Tile drainage is also needed in most areas of Canisteo solls.

The Clarion solls are Well DPrained and occur predominantly on
convex slopes. Erosion control practices are recommended on the more
sloping Clarion solls.

The Storden soils are Well Dralned and occur on the steeper convex
slopes. These sclls formed under a natlve vegetatlon of grasses. These
solls have a high content of lime inherent in thelr parent materials.
These soils erode very easily when used for row crops.

The Nicollet sollsg are Somewhat Poorly Drained and ocecur on
slightly convex areas between the higher well drained Clarion soils and
the lower Poorly Dralned Webster or Canisteo solls. Depth to high lime
parent materlals usually ranges between 2.5 and 4.5 feet 1in both the
Clarion and Nicollet solls. Tile drainage is needed 1in some areas of
Nicollet solls,

The Harps soils are Poorly Drained and have a very hlgh content of
lime. They commonly oceur as rings around the Webster and Okoboji solls
at slightly higher elevations.

Most of the soils in thils assoclatlon are used for corn and
soybeans. Yields of crops are good to excellent in most areas. A
management need 1s to control rumoff, wetness, and wind eroslon on many
of these solls. Conservatlon tillage, tile, open ditches, terraces,
water and sediment control basins, contouring, and grassed waterways

should be used where needed.



REPRESENTATIVE SOILS ON AN EXAMPLE FARM IN THE CLARION-NICOULLET-WEBSTER
S0IL ASSOCIATION AREA OF NORTH CENTRAL IOQWA.

Kinds of soils Percent of area

138B Clarion loam, 2 to 5 percent slopes. Includes 30
small areas of 138, Clarion and 62, Storden
soils on 5 to 9 percent slopes

55 Nicollet loam, 0 to 2 percent slopes 30
107 Webster siity clay loam, 0 to 2 percent slopes 20
507 Canisteo silty clay loam, 0 to 2 percent slopes. 20

Includes small areas of 90, Okoboji silty
clay loam, 0 to 1 percent slopes

Example: Soil Survey Map - 320 Acres
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SOIL ASSOCIATIONS

Nearly level to moderately sloping (0-9%) prairie-derived soils developed from Wisconsin glacial till on the Cary
Lobe. Clarion, Nicollet. Webster. and Canisteo soils, and small areas of Slorden, Harps, and Okoboji soils.

Nearly level 1o steep (0-25% ) prairie to forest-derived soils developed from loess or from pre-lllingian glacial bl
Tama. Muscatine, and Garwin soils and smaller areas ol Shelby. Lindley, Downs, and Fayette soils

Nearly level to strongly sloping (0-14%) prairie to forest-derivec soils developed from loess, pre-llknoian paleosols,
or pre-lliincian glacial bll. Otley, Mahaska, and Tainlor soils, and smaller areas of Ladoga. Clinton, Shelby. and
Adair soils.

Genlly sloping to very steep (2-30%) forest-derived soils developed Irom loess. pre-llhnoan glacial ull or pre-thingian
palecsols Clinton, Lindley, and Weller soils, and smaller areas of Pershing and Keswick solls.

Nearly level and gently stoping (0-5%) prairie-derived soils developed from alluvium cn bottomlands. Soils on stream
terraces are included in some areas. Colo, Zook, Nodaway soils.
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APPENDIX C
CLIMATIC CHARACTERISTICS WITH RESPECYT TO WET (ROPLAND S0ILS FROBLEMS

The problem of wet cropland solls 1s due to one or more of the
following: excessive rainfall, fine soil texture, high water table,
level topography, and depressional locations. A measure of excessive
rainfall provides an insight into the climatic effects upon this
problem, Streams tend to convey greater rates of flow during times of
higher water table and during surface runoff. Hence monthly distribution
of streamflow is an indicator of surface and subsurface moisture
conditions. Flgure C-1 displays the portion of runoff occurring each
month for the South Skunk River stream gage near Ames, Iowa. This strean
flow record is representative of the monthly flows for streams in the
ma jor wet cropland solls area of the Upper Skunk River Basin. It should
be observed that the greatest flows are during March, April, May, and
June indicating greater so0il molsture at that time. Field preparation,
planting and crop care are normally carried out during this period. As
tinely operations are essential and excessively wet soils inhibit plant

growth it is imperative for farmers to provide for timely removal of

€xcess water from their fields.

AVERAGE MONTHLY DISCHARGE (PERCENT OF ANNUAL)
SOUTH SKUNK RIVER near AMES
60 YRS OF RECORD 1921-27 AND 1933-85
COURTESY USGS, 1I0WA CITY, IA.

PERCENT OF ANNUAL FLOW VOLUME

MONTH

Flgure C-1, Monthly Stream Flow

C-1






APPENDIX D

IMPACT OF DRAINAGE ON FLOOD DAMAGES

The following statement is the view of the Soil Conzervation Service
on drainage as given in response to questions from Senator Buckley at
hearings held by the Senate Committee on Public Works on July 27, 1971.

Question: What impact occurs on floods, sediment production, and the
productivity of the land when a marsh is drained? Please cite the
documentation for your conclusion.

Answer: As indicated in our reply te the previous question, we do
not plan the drainage of marshes and, therefore, have little information
concerning this. In general we would expect the effects of marsh
dralnage on floods and sediment production to be similar to these effects
for other land discussed below. Concerning the effect of drainage on
marsh productivity, we would expect the productivity of water~tolerant
vegetation to decrease and other vegetation to increase as the water
table is lowered, provided the soils are suitable. Other forms of 1ife
dependent on such vegetation would be affected similarly.

We do have considerable information about the effects of drainage on
wet agricultural land. OQur conclusions and their basis are as follows:

1. Drainage does not increase the size of floods, especially in
large basins.,

2. Sediment production is not a significant problem in drained lands.

3. Agricultural productivity usually increases with drainage, the
amount depending on adequacy of drainage, type of soil, overall
management, and other factors of production.

4, Drainage 1s best planned on an overall project basis, where a
total system can be well planned and designed, rather than on a plecemeal
basis. This igs done in watershed projects.

There is evidence that farm drainage has no effect on floods in large
drainage basins. In small drainage basins peak discharges may increase
or decrease depending on the design of the drainage system, seolls, time
of year, and distribution and timing of the flood-causing preclpitation.

The "sponge theory” is often used to support the ldea that dralnage

causes floods. Some people say that wetlands help prevent floods by



absorbing flood waters. Actually the opposite is true. A saturated soil
or pothole full of water cannot soak up water any more than an already
saturated sponge. However, when wetlands are drained, the scil acts as a
sponge in soaking up water and letting it out slowly. Some solls can
store six or more inches of water, depending on type and depth of soils.

Mr. Philip W. Manson of the Department of Agricultural Engineering,

in his paper "Water and Agricultural Land”, Miscellaneous Journal Series
Paper No. 947, August 1957, University of Minnesota Agricultural
Experiment Station, states that "farm drainage does not affect major
floods.” He based this on his studies and on:

1. U.S. Geological Survey records on the Mississippi River at St.
Paul which show that from 1867 to 1957, there have been 19 years
in which floods occurred; twelve 1in the first half and 7 in the
last half of this period. During this time, there has been
extensive dralnage in this Basin.

2. A paper by Sherman M. Woodward and Floyd B. Nagler "Agriculture
Drainage and Flood Runoff"”, 1929, Paper No. 1709 of the
Transactions of the American Soclety of Civil Englneers. Thelr
study areas included ten million acres in the Des Moines River
Basin and two million acres In the Iowa River Basin. The types
of drainage in these basins include tile, open ditch, and stream
channel straightening. One-third of the total basin areas were
drained. In the Des Moines Basin, there was one unit of four
million acres which was 67 percent drained. Another unlt of two
million acres was 100 percent dralned. The conclusion of the
author included in Mr. Manson's paper: "A critical examination
of the records of these two streams shows that there has been no
significant change in thelr behavior which can be attributed to
drainage. The total runoff from streams of like precipitation,
the maximum rate of dlscharge, and the ralnwater storage
conditions within the basin seem to have been unaltered by the
extensive drainage operations. It 1s believed that 1f any of
these factors had been changed to a measurable amount, such fact
could easily have been detected by the analysis made in this

paper.’



Manson goes on to state in his paper, "Fach small watershed is a case
by itself but normally a well~designed complete drainage system for a
small watershed will not increase the peak runoff, although an incomplete
or partial system may either slightly increase the peak flow or it may
slightly decrease the peak flow. Therefore, it is important to plan

drainage systems on a watershed basis and not by pilecemeal. The Soil

Conservatlon Service endorses this view, 1/

Figure D-1. This farm has a large, inadequately drained ponding area.

1/ Statement made in Advisory W5-5 (January 30, 1973) by William B, Davey,

Deputy Administrator for Watersheds.






APPENDIX B

DEFINITIONS OF WETLAND TYPES

“"Wetlands of the United States,” Circular 39, published by United

States Department of the Interior, Fish and Wildlife Service, lists 20

types of

wetlands. Types 1 through 3 are found in the Skunk River Basin.

4 brief description of these is as follows:

Seasonably flooded basins or flats. The soil is covered with

water, or is waterlogged, during variable szasonal periods but
usually is well drained during much of the growing season.
Vegetation varies greatly according to the season and the
duration of flooding. It includes bottomland hardwoods as well
as some herbaceous growths. Where the water has receded early
in the growlng season, smartweeds, wild millet, fall panicum,
teal lovegrass, redroot flatsedge, and weeds (such as ragweed
and cockleburs) are likely to occur. Shallow basins that are

submerged only very temporarily usually develop little or no

Inland fresh meadows., The soll is without standing water during

most of the growing season but is waterlogged within at least a
few inches of its surface. Vegetation Includes grasses, sedges,
rushes, and various broad-leaved plants. Wild hay is sometimes
cut from such areas. Fresh meadows are used somewhat in the

North by nesting waterfowl, but in most of the country their

Type 1 -

wetlands vegetatlon.
Type 2 -

value 1s mainly as supplemental feeding areas.
Type 3 -

Inland shallow fresh warshes. The soil is usually waterlogged

during the growing season; often it is covered with as wuch as
six inches or more of water. Vegetation includes grasses,

bulrushes, splkerushes, and various other wmarsh plants such as



Type 4 -

cattails, arrowheads, pickelweed, and smartweeds. In
combination with deep fresh marshes (Type 4) they constitute

the principal production areas for waterfowl.

Inland deep fresh marshes. The soil is covered with six inches

Type 5 -

to three feet or more of water during the growing season.
These may border open lakes or fill shallow lake basins.
Vegetation includes cattails, reeds, bulrushes, spikerushes,
and wildrice. In open areas, pondweeds, naiads, coontail,
watermilfoils, waterweeds, duckweeds, waterlilies, or

spatterdocks may occur.

Deep fresh marshes constlitute the best breeding habitat in the

country, and they are also important feeding places.

Inland open fresh water. Shallow ponds and reservoirs are

included in this type. Water is usually less than ten feet
deep and is fringed by a border of emergent vegetation.
Vegetation (mainly at water depths less than six feet) includes
pondweeds, nalads, wildcelery, coontall, watermilfoils,
waterlilies, and spatterdocks. These areas are used
extensively as brood areas when, in midsummer and late summer,

the less permanent marshes begin to dry out.

Soil Conservation Service Policy

It 1s the general policy of the SCS to aid in protecting,

maintaining, and managing exlsting wetlands to assure the continuation of

their beneficial effects. Assistance alsc will be glven to restore

damaged wetlands that are not irrevocably committed to other uses and to

create new wetlands, where appropriate.

The swampbuster provision of the Food Security Act of 1985 1s aimed

at discouraging the conversion of wetland for agricultural purposes.

Farmers who convert wetlands to cropland use may lose eligibility for

certaln USDA program benefits.



APPENDIX F

(RITERIA FOR TILE DESIGN IN IOWA l/

Establishing the degree of drainage for tille capaclty design 1s
dependent upon (1) the maximum allowable height of the water table, (2)
the minimum rate at which the water table must be lowered, or (3} the
maximum allowable duratlon and frequency of ponding. Crop requlrements
are a consideratlion in selecting an approprlate degree of dralnage.

The drainage coefficient is the rate at which water can be removed
and is expressed as the equivalent depth of water coverlng the surface
that can be removed in 24 hours., The table below can be used to

determine the minimum recommended dralnage coefflclent for various

conditions.
Table F-1
TILE CAPACITY
Skunk River Basin

Dralnage Coeffliclent 1/
Crops and Degree (in. of water per day)
of Surface Dralnage Mineral soll Organic soil
Field Crops
Good Surface drainage 2/ 3/8 to 1/2 1/2 to 3/4
Blind inlets 3/ - 1/2 to 3/4 3/4 to 1
Surface inlets 3/ 1/2 to 1 1-1/2 to 2
Truck Crops
Good Surface dralnage 2/ 1/2 to 3/4 3/4 to 1-1/2
Blind inlets 3/ - 3/4 to 1 1-1/2 to 2
Surface inlets 3/ 1 to 1-1/2 2 to 4

1/ "Iowa Drainage Guide"”, Special Report 13 (Revised), Iowa State
University, Ames, Iowa. March 1987.

2/ Consider only the area that will be tiled or that could be tiled as
the drainage area. It is assumed that surface water is removed by

field ditches or watercourses. For fields having slopes of less than

0.2 percent, use the higher end of the drainage coefficient range.

3/ Use the entire contributing watershed as the drainage area.

F-1



If surface or blind inlets must be used to drain depressional areas
where adequate surface drainage does not exist, the drain must have
capacity to remove runcff from the entire contributing watershed area.

An exception may be made for small depressions if surveys are available
and the volume of the depressional area can be determined accurately. In
this case, the tile should be able te remove the appropriate drainage
coefficient from the land area that needs tile drainage plus the water in
the depression within 24 hours. Tf the drainage area to depressional
atea ratio is large, it may not be practical to drain the depressional
area within 24 hours. The depressional area, perhaps, should become a
sacrifice area rather than spend large sums for a tile water removal
system that would drain it within 24 hours.

Subsurface drain (tile) criteria for assuring quality design and
constructlion is available in the Technical Guide at all SCS offices.

Considerations addressed in this standard are:

Depth, spacing, location Tube material

Minimum velocity and grade Bedding

Maximum velocity and grade Anxiliary structures
Outlets Placement, inspection
Capacity Trees

Filters, envelopes Ali gnment

Figure F-1, Installing pl

astic tubing for a subsurface drain.

F-2



APPENDIX G
HOW DRAINAGE DISTRICT LINES ARE REPAIRED IN IOWA i/

This winter's huge snowfalls are causing a variety of problems this
spring as the snow melts. In areas of the state where the terrain is
basically flat, melting snow could create increasingly larger amounts of
standing water in the fields.

Consequently, the condition of dralnage lines in rural areas may be a
particular concern. This article describes the provision of Iowa law
dealing with the repalr and lmprovement of dralnage lines within drainage
districts.,

Towa law provides that drainage districts be supervised and managed
by either the county board of supervisors or a panel of trustees elected
by landowners within the district. In either event, the governing body
of the district is required to keep the improvement inm repair.

It is necessary to differentlate between the "repair” of a drainage
district and an "improvement.” A repair to a drain involves restoring it
to its original condition following injury or decay.

On the other hand, an improvement is defined under Iowa law as a
project intended to expand, enlarge, or otherwise increase the capacity
of any existing ditch, drain, or other facility above that for which it
was designed.

To keep the district in repair, the board or panel of trustees may at
any time, order done whatever is necessary to restore the line to its
original efficiency. This can be done without notifying landowners
within the district.

The order may include removing silt and debris, repairing any damaged
structures, removing weeds and other vegetative growth, and basically any
other work necessary to restore the line's efficlency.

Before ordering this work done, the board or panel may obtain an

engineer's report as to the most feasible means of repalr and the

i/ Prepared by Farm Division-Iowa Attormey General's 0ffice (Reprint from
Wallaces Farmer, March 13, 1982)
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probable cost., The board or panel may order temporary construction or,
if it is more economical, order that a new line be constructed which is
still considered a repair.

Should the estimated cost of the repair exceed $10,000 or 75% of the
original total cost of the district and subsequent improvements,
whichever amount is greater, the board or panel of trustees must give
notice to landowmers within the district and conduct a hearing.

The hearing is conducted to decide whether to perform the repairs and
to hear objections, if any, to the proposed repairs. If the repalrs are
minor or involve the eradication of brush and weeds along open ditches in
an amount not exceeding $5000, the board may have the repairs or
eradication done by the county's secondary road or weed fund equipment.
However, the board may order this work done only where 1t will result in
a savings to the district, and the dralnage district must reimburse the
county,

The process for constructing an improvement to a drainage line is
essentially the same as that for repairs. When the board or panel of
trustees determines that an improvement to a dralnage line is necessary,
it appolints an engineer to conduct a survey and prepare a report showing
the estimated costs of the ilmprovements.

If the estimated cost of the lmprovement does not exceed $500 or 25%
of the original cost of the district and subsequent improvements,
whichever 1s the greater amoun%, the board may order the work done.
Agaln, landowners within the district do not need to be notified. Should
the cost of the improvement exceed this amount, the board or panel of
trustees must glve notice to affected landowners and conduct a hearing.

The cost of repalrs or Improvements are paid from the funds of the
dralnage district. Drainage district funds are created through the
assessments levled on landowners within the district based on the
benefits they receive.

If the district's funds are insufficient to pay the costs, the board
of trustees can levy an additional assessment.

In addition to the power to repalr and improve drainage lines, the

governing body of a drainage district 1s required to remove from ditches,
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drains, and laterals of their districts any obstructions interfering with
the flow of water. These obstructions include trees, hedges, shrubbery,
and their roots,

In removing obstructions, the board or panel of trustees may relay
the tile drain In concrete or other adequate protectioen. Again, the
costs of this work are paid from the funds of the district.

landowners in drainage districts who feel that there are obstructions
within drainage lines or that these lines need repcir should contact
elther the board of supervisors or panel of trustees, whichever body

manages the district.

Figure G-1, Example of a well maintained open drainage channel.






APPENDIX H
LEGAL DRAINAGE DISTRICTS INVENTORIES

The District Conservationists (DC) in Boone, Hamilton, Hardin, Polk,
and Story Counties each furnished tile outlet legal drainage district
data from the officlial records on file in the respective county
courthouses., Data supplled included the state watershed inventory
number, drainage district number, dralnage area, outlet grade, tile
diameter, and date installed., Each DC evaluated the percentage of
surface water in each district which outlets through the tile system. In
other words this is the portion which is impounded. The survey also
included the percentage of each of the major soil types in each
district. Thig reveals the extent of wet solls which by nature need
drainage.

From the inventory data, capacity of each system was computed at itsg
outlet 1n inches per day. The percentage of impounded area and extent of
wet solls were analyzed to determine required capacity in inches per
day. Where exlsting capacity 1s less than 80 percent of required
capacity a rellef tlle main Is needed. A higher percentage might have
been used as a cut—off point but 80 percent seems consistent with the
data and analysis used. Prior to desligning lmprovements, a fleld study
of each system is needed to verify the existing sizes and grades which
determine capaclty. Also needed is an on-site evaluation of the dralnage
area to caleculate required capaclty for good agricultural drailnage.

The following data (Tables H-1 and H-2) include legal drainage
districts for which information was compiled from plans of record in

Boone, Hamilton, Hardim, Polk, and Story Countiles.



TABLE H-1
TILE QUTLET CAPACITY SUMMARY
Skunk River Basin

Drainage Area Area
County Districts Adequate Inadequate Total Area
number acres acres acres
Boone 49 27,617 11,500 39,117
Hamilton 49 25,069 : 7,645 32,714
(132) 1/ (67,754) (20,662) (88,416)
Hardin 1 - 1,890 1,890
Polk 2 1,144 1,549 2,693
Story 94 43, 534 49,697 93, 231
Total 195 97, 364 72,281 169,645
(278) (140, 049) (85, 298) (225,347

l/ As explained in an earlier chapter complete informatlon needed to
calculate present drainage capacity was avallable for 37 percent of
Hamilton County tile drailnage districts. Numerical data for Hamllton
County were expanded by dividing by 37 percent. The expanded data
are shown in parentheses and represent the best estimate for tille
drainage districts in Hamilton County and for the LRA 103 area of the
Skunk River Basin.

Figure H-1. A recently installed subsurface drainage outlet.
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TABLE H-2
TILE OQOUTLET CAPACITY
Skunk River Basin

Present

Drainage Date Drainage Outlet Tile Outlet Required

Watershed District Installed Area Grade Diametar Capacity Capacity
number numbeTr year acre percent inch in/day in/day

BOONE COUNTY
Adequate Outlet

16 125 e 2,357 0. 20 40 0.48 0. 45
16 186 1919 1,408 0. 44 30 0.54 0. 44
16 185 1921 304 0.65 18 0.78 0,42
16 118 1914 824 0. 44 24 0.50 0,43
16 195 1921 787 0. 36 26 0.60 0.43
16 132 1922 1,199 0. 40 30 0.62 0. 44
16 92 1911 845 0.84 20 0.42 0. 45
16 113 1913 884 0. 44 26 0.59 0.45
16 56 1908 621 0.10 24 0.33 0. 40
16 166 1914 1,213 0. 40 34 0,84 0,43
16 164 1917 285 0. 30 18 0.58 0.45
16 134 1916 423 1,60 16 0.67 0. 42
16 155 1915 372 0.90 12 0.26 0. 30
16 144 1915 759 0,54 24 0.63 0,45
16 211 1928 368 0.55 18 0. 60 0. 40
16 128 1914 505 0.50 18 0.42 0.38
16 129 1914 226 1.62 12 0.58 0. 30
16 160 1917 404 1.28 16 0.61 0. 40
16 231 1952 180 1.00 12 0,55 0.42
16 142 1916 304 0.18 14 0.22 0.25
16 230 1954 463 0.66 14 0.27 0.25
16 135 1914 802 0. 30 20 0.27 0.30
16 143 1917 1,962 0.36 32 0.43 0.35
16 96 1912 479 0.50 18 0.45 0. 30
16 116 1913 805 0.20 26 0. 44 0.30
16 50 1911 387 0.24 18 0.38 0.30
16 205 1924 933 0.52 26 0.61 0.25
16 159 1917 1,189 0.48 26 0.46 0. 40
16 215 1930 1,298 0. 37 28 0. 46 0. 30
16 169 1918 1,576 0.30 34 0.56 0.30
16 6 —— 720 0.32 24 0.50 0.35
16 194 1921 387 0.56 18 0.58 0.40
16 69 1908 189 0.95 12 0.52 0. 30
16 131 1915 1,700 0.16 36 0.45 0. 40
16 12 1905 270 0.80 12 0, 34 0. 40
16 695 1908 189 0.95 12 0.52 0.40
Subtotal 27,617




TABLE H-2
TILE OUTLET CAPACITY
Skunk River Basin

Present
Drainage Date Drainage Outlet Tile Dutlet Required
Watershed District Installed Atea Grade Diameter Capacity Capacity
number number year acre percent inch in/day in/day
BOONE COUNTY cont.
Inadequate Outler
16 49 1908 513 0.87 14 0,28 0.45
16 52 1908 637 0.50 16 0.24 D.43
16 121 1914 260 0.10 16 0.20 0. 40
16 197 1921 105 0,22 10 0.28 0.38
16 109 1911 1,420 0.14 26 0,20 0,30
16 162 1917 1,114 0.74 16 0.17 0.45
16 222 1950 1,465 0.43 18 0.13 0.38
16 25 1941 520 0. 34 16 0.25 0.43
16 93 1910 1,032 0. 20 20 0.17 0.35
16 117 1913 894 0.25 22 0.28 0,40
16 150 1917 1,233 0.10 26 0. 20 0. 40
16 938 1913 B94 0.25 22 0.28 0.40
16 2B 1917 1,413 0.10 28 0.20 0. 40
Subtotal 11,500

Total Boone County 39,117
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TABLE H-2

TILE OQUTLET CAPACITY
Skunk River Basin

Present
Dralnage Date Dralnage Outlet Tile Qutlet  Required
Watershed Distriect Installed Area Grade Diameter Capacity Capacity
number number year acre percent inch in/day in/day
HAMILTON COUNTY
Adequate Outlet
16 56 ——= 485 0, 40 24 0.80 0. 40
16 91 -——= 618 0.58 24 0.77 0.40
16 115 - 1,482 0.10 36 0.40 0. 40
16 169 -——= 356 0.07 26 0.60 0.40
16 211 ——- 55 0.20 8 0.28 0.25
16 214 ——— 304 0.22 24 0.98 0.40
16 229 ——- 1,971 0.25 36 0.48 0.30
16 240 ———— 576 0. 50 18 0.37 0.35
16 252 — 246 0.10 20 0.50 0. 40
16 260 ———= 1,256 0.40 24 0. 32 0.35
16 278 ——— 265 0,22 16 0. 38 0.35
16 292 ——— 889 0.45 26 0.60 0.45
17 219 ———— 86 0.14 12 0. 44 0.45
17 248 1921 680 0.22 28 0.60 0.50
18 256 1923 2,248 0.08 39 0. 30 0.28
18 259 - 51 0.20 10 0.60 0. 45
18 277 —— 237 0.15 16 0.36 0,40
19 46 - 199 0. 50 14 0. 54 0.40
19 216 ——- 1,875 0. 20 32 0.33 0. 35
20 224 ———e 88 1.40 12 1.30 0.40
21 14 1906 1,458 0,12 32 0.33 0.35
21 17 1906 193 0,20 12 0.23 0.26
21 21 1906 194 0.35 12 0.31 0. 30
21 38 1908 131 0.10 12 0.25 0.30
21 52 ——= 181 0.25 14 0. 42 0.38
21 63 ——— 876 0.18 24 0,31 0. 33
21 123 1924 1,198 0.15 34 0.52 0., 38
21 180 1915 234 0.60 15 0.61 0.25
21 209 ———— 165 0.10 15 0.36 0. 38
21 227 ———= 212 1.00 18 1.40 0.30
21 228 ——— 163 0.90 18 1.75 0,28
21 234 —-—— 332 0.10 22 0.49 0.35
21 247 1920 366 0.08 22 0.39 0. 40
21 267 - 133 0. 30 16 $.90 0.50
22 298 ——- 30 0. 40 10 1.30 0.50
22 136 1912 1,642 0.10 32 0. 26 0.25
22 193 1916 1,420 0.12 30 0.29 0. 30




TABLE H-2
TILE QUTLET CAPACITY
Skunk River Basin

Present
Drainage Date Drainage Outlet Tile Qutlet Required
Watershed Distriet Installed Area Grade Diameter Capaclty Capaclty
number number year acre percent inch in/day in/day
HAMILTON COUNTY cont.

Adequate OQutlet cont.

22 230 1919 696 0.10 26 0.35 0.35
22 243 1920 440 0.10 26 0.55 0.35
22 287 1952 515 0. 36 20 0. 46 0. 45
22 288 1951 350 0.18 22 0.62 0.28
22 238 ———= 173 0.14 24 1.30 0.50

Subtotal 25,069

Inadequate Outlet

17 42 ——= 540 0.60 16 0,32 0.50
18 40 ———= 525 0.30 18 0,32 0.42
18 163 1955 3,927 0.11 36 0.16 0. 40
19 102 e 333 0.10 18 0.29 0.40
21 19 1906 459 0.20 18 0. 30 0.38
22 48 ———— 650 0.09 22 0.23 0.50
22 212 1917 1,211 0. 20 22 0. 29 0. 45

Subtotal 7,645

Total Hamilton County 32,714




TABLE H-2
TILE QUTLET CAPACITY
Skunk River Basin

Present
Drainage Date Drainage Qutlet Tile Qutlet Required
Watershed Distriet Installed Area Grade Diameter Capacity Capacity
number number year acre percent inch in/day in/day
HARDIN COUNTY
Inadequate Outlet
11 34 1912 1,890 0.19 24 0.15 0.35
Subtotal 1,890
Total Hardin County 1,890
POLK COUNTY
Adequate Outlet
13 4 1920 1,144 0. 42 24 0.35 0.25
Subtotal 1,144
Inadequate Qutlet
8 12 1919 1,549 0.05 24 0.09 0.38
Subtotal 1,549

Total Polk County 2,693




TABLE H-2
TILE OUTLET CAPACITY
Skunk River Basin

Present

Drainage Date Drainage OQutlet Tile Outlet Required

Watershed District Installed Area Grade Diameter Capacity Capacity
number number year acre percent inch in/day in/day

STORY COUNTY

Adequate Outlet

09 51 1912 1,090 0. 20 24 0. 26 0. 32
09 56 1913 772 0. 40 26 0.65 0. 41
09 72 1915 909 0.14 26 0.31 . 0. 30
09 1.00 1921 1,641 0.30 32 0.39 0.30
09 104 1922 1,200 0. 30 28 0. 44 0. 45
10 77 1916 2,138 0. 20 36 0.40 0. 30
11 9 1905 1,650 0. 40 30 0.45 0. 40
11 19 1909 1, 000 0,20 30 0.52 0. 45
11 34 1910 1,167 0.45 24 0.36 0. 38
11 36 1981 2,571 0.28 42 0.60 0. 45
11 48 1912 275 1.00 12 0.37 0.28
11 60 1913 1,355 0.20 26 0.26 0.28
11 69 1916 3, 246 0.12 45 0.37 0. 45
11 71 1915 740 0.24 26 0.52 0. 35
11 75 1916 2,160 0. 20 36 0.39 0.33
11 76 1916 1,650 0.24 30 0. 35 0.40
11 85 1918 236 0. 34 14 0.38 0.35
11 88 1919 561 2.00 14 0. 39 0.45
11 89 1919 415 0.08 26 0.53 0.33
11 92 1919 285 1.60 14 0.68 0. 40
11 94 1919 118 3.00 8 0.48 0. 30
11 97 1920 355 0.20 18 0.38 0.25
11 107 1921 781 0.60 20 0. 40 0. 40
11 113 1924 231 0.84 14 0.62 0. 30
12 66 1915 970 0.10 28 0. 30 0. 34
13 BS3 ——— 500 0.10 24 0.40 0.40
13 BS 3 e 600 0.10 30 0.60 0.45
13 BS3 —— 200 0.15 18 0.58 0.45
13 16 1908 100 0. 30 15 1.00 0. 20
13 38 1910 100 0.25 10 0.31 0.22
13 39 1910 241 0.10 18 0.40 0.48
13 59 1913 625 0.28 20 0. 34 0.30
13 87 1916 401 0.50 16 0. 39 0. 46
13 111 1922 77 2,40 10 0.85 0.35
13 N2 1924 355 0.24 18 0. 42 0.28
13 101 1920 126 1.84 8 0.38 0. 40
13 115 1944 551 0. 50 20 0.52 0.45
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TABLE H-2

TILE QUTLET CAPACITY
Skunk River Basin

Present
Drailnage Date Drainage Outlet Tile Qutlet Required
Watershed District Installed Area Grade Diameter Capacity Capacity
number number year acre percent inch in/day in/day
STORY COUNTY cont.
Adequate Qutlet cont.
14 28 1909 421 0.80 16 0.47 0.43
16 6 1914 842 0.30 20 0.26 0. 30
16 8 1915 1,962 0. 36 32 0.43 0.43
16 37 1910 520 0.25 20 0.38 0. 36
16 63 1914 112 0. 46 14 0.93 0. 43
16 67 1915 424 0.64 15 0. 34 0,43
16 70 1915 4,027 0.27 42 0.37 0.43
16 95 1922 1,229 0.50 28 0.56 0.45
17 53 1913 475 0.45 18 0.43 0. 40
17 102 1920 83 0.16 12 0,50 0.27
17 106 1921 629 0, 50 20 0.45 0.45
18 80 1916 450 0.20 20 0.40 0,30
19 50 —_— 150 0.10 14 0.32 0. 30
20 HS 3&4 1921 818 0.22 28 0.55 0.43
Subtotal 43,534

Inadequate Qutlet
9 43 1911 625 0.15 20 0.25 0.38
11 10 1906 2,023 0,45 24 0.21 0.48
11 17 1922 3,100 0.10 32 0.14 0,48
11 20 1909 2,115 0,27 22 0.12 0. 45
11 20 1909 1,164 0.30 20 0.19 0.45
11 21 1909 391 0,20 18 0.34 0.50
11 25 1909 952 0.25 20 0,21 0.42
11 26 1950 96 0,10 12 0.35 0,45
11 32 1911 3,840 0.20 36 0.22 0.43
11 35 1910 481 0.10 18 0.20 0.50
11 45 1911 1,247 0.10 28 0.23 0.43
11 49 ——— 2,505 0.15 33 0.20 0, 48
11 52 1912 1,130 0,45 20 0.24 0.45
11 54 1913 1,500 0.10 28 0.20 0.28
11 57 1913 750 0.10 20 0.17 0.25
11 62 1913 1,747 0.10 26 0.14 0. 48
11 68 1914 1,967 0.30 28 0,27 0.45




TABIE H-2

TILE OUTLET CAPACITY
Skunk River Basin

Present

Drainage Date Dralnage Outlet Tile Qutlet  Required

Watershed District Installed Area Grade Diameter Capaclty Capaclty
number number year acre percent inch in/day in/day

STORY COUNTY cont.
Inadequate Qutlet cont.

11 78 1916 550 0.10 24 0.37 0. 48
11 81 1916 2,656 0.10 39 0.28 0. 40
11 83 1917 558 0.12 20 0,25 0.48
11 84 1917 525 0.10 22 0.31 0,50
13 15 1909 376 0.80 12 0.25 0. 38
13 24 1909 460 0.59 12 0.17 0.33
13 30 1910 182 0.10 10 0.11 0. 40
13 40 1910 276 0.60 12 0.28 0. 42
13 55 1913 202 0.70 10 0,26 0. 42
14 BS 1 1917 900 0.37 18 0.21 0.43
14 BS 10 1923 1,966 0.10 36 0. 30 0.48
14 93 1919 307 0.08 14 0.14 0. 48
14 109 1921 323 0.24 14 0.23 0.48
16 215 1930 1,298 0.10 14 0.04 0.43
16 230 1954 463 0.66 14 0. 27 0.40
17 HS 3 1914 2, 200 0.16 34 0.29 0.50
17 29 1909 1,064 0.16 22 0,20 0.43
17 44 1912 1,043 0.15 22 0.19 0.40
17 73 1915 850 0.10 22 0.19 0. 48
18 1 1910 2, 500 0.20 30 0.21 0.45
18 BS 5 1911 1,432 0.14 26 0.21 0.48
18 105 1921 100 0.10 12 0.31 0. 48
19 27 1910 1,000 0.20 22 0.23 0.40
19 two 46 1912 941 0.10 24 0.21 0.48
19 mains 46 1912 392 0.08 20 0.29 0.48
20 HS 2 1912 1,500 0.10 30 0.24 0. 40
Subtotal 49, 697

Total Story County 93,231 acres

H-10



APPENDIX I
SUMMARY OF INPUT TO REEVALUATION STUDY

During 1985 the Scil Conservation Service participated with the U.S.
Army Corps of Engineers (COF) to investigate aspects of the Upper Skunk
River Basin pertaining to reservoirs under study. The SCS engaged in
this work with the COE due to avallability of relevant data, required
expertise, and a particular interest in the area due to its location
within the Skunk River Basin Study.

The Upper Skunk River Basin is located in Story, Boone, Webster, and
Hamilton Counties, Iowa (Figure I-1). Ames, located near the south
boundary, is the major city within this area. This study area includes
556 square miles (about 355,800 acres) draining to the Story County
highway just downstream from the junction of Squaw Creek with the South
Skunk River near the south boundary of Ames, Iowa. There are two
principal stream systems, Squaw Creek and South Skunk River., At its
junction with South Skunk River the Squaw Creek dralnage area is 227
square miles or about 145,300 acres. The drainage area of South Skunk
River at its intersection with Squaw Creek is 329 square miles or about
210,500 acres.

The Upper Skuck River Basin is totally within LRA 103 and is
basically a youthful till plain formed by the Wisconsin glaciation.
Humerous closed depressions in this area are evidence of its geologic
youth. JLopography im this area is characterized by nearly level to
zently undulating slopes. A high percentage of the area is prime
farmland. The nearly level to gently sloping solls are dark celored and
productive, Vertical relief between bottomlands and uplands 1s small.
Peak flows developed 1u the downstream area are qulte low compared to
mora steep, deeply incised topographies. Because of the youthful
topography, with legs Incised valleys and the nearly level tepography,
available storage for flood retardation within the valleys is generally
quite small.

Mutually agreed—-to studies were:

1. DPorermine feasiblility of watershed protection (land treatment)

projects.

2. Provide & peneral sssessment of structural project potential.



3. Evaluate effects of increased amounts of soil conservation land
treatment practices upon:
Soil erosion by water
Sediment yields to four potential reservoilrs
Flood peaks
Aquifer recharge

4, Inventory potential impoundment sites with less than five square

miles drainage area.

5. Address the effects of reservoir pools upon drainage.

Item 5 relates to this special report., Effects of reservoir levels
upon tile drainage were analyzed at four reservoir sites: SR-1, SR-4,
SC-1, and SC-6 (Figure 1-1).

Lands in the Basin above Ames need subsurface drainage for efficlent
crop production because they either have a slowly permeable soll profile,
have high groundwater tables, 1mpound surface water in depresslions, or
they have nearly flat surface gradients. Gravity outlets for drains in
these lands require a sharp change in surface profile such as occurs at a
stream channel or escarpment. If a tlle outlet ls lnundated by a
regervoir, all of the wet soils drained by the tile system are adversely
affected. In most cases 1t 1s impossible to reconstruct a free outlet
above the pool elevation. Therefore, all the lands which drain into the
system have no sultable outlet.

A summary of adverse effects of inundated tile outlets is as follows:

1. Increased maintenance costs caused by sedimentatlon at outlets.

2. Blocked, or partlally blocked, outlets reduce the drainage

coefficient causing scils to draln more slowly.

3. Reduced opportunity to use conservatlon tilllage systems since

better drainage is needed.

4. Reduced length of planting and harvesting time periods.

5. Reduced farmability of fileld units which have affected wet solls.

6. Blocked outlets prevent landowners from Ilmproving drainage on

their land forcing a change to less Intensive uses.



Based upon the study for the Des Moines River Basin in 1981 by Iowa
State Ualversity and SCS im 10 north central Iowa countles, most of the
older tile systems have much less than recommended capaclty. Aoy
infringement upon these marginal systems will have greater adverse
effects than on fully adequate systems. Posslble alternatives include
pump outlets or open ditches 1f grade 1s avallable.

For the COE study SCS drew potential damage area boundaries on 7-1/2
minute USGS quadrangle maps. These boundarles are the centerlines of the
proposed dams and the full pool (100-year pool} contour. All legal
drainage distriet (D.D.) outlets, both open ditch and tile, and all known
private outlets of 10-inch diameter or larger within the contour
boundaries were located and shown planimetrically. From the plotted
locations it was possible to closely estimate the tile outlet elevations
which are shown in tabular data (Tables I-1, I-2, I1-3, and I-4),

Data presented in the followlng tables for the four proposed
reservoirs, SR-1, SR-4, SC-1, and SC~6 show impacted area at various pool
elevations. Impacted areas include lands dependent upon currently
installed drainage lmprovements. Starting with the conservation pool
elevations supplied by the COE, areas affected are listed by five-foot
Increments In elevation up to the 100-year frequency or full flood pool
elevation. The notatlon "loses 1 ft. outfall” indicates that the
estimated tile outlet elevation and the indicated pool elevation are
approximately equal. If such 1s the case then the outlet will not have
one foot of outfall as recommended by the Iowa Drainage Guide (Appendix

F) for protection from sediment and ice.
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APPENDIX J
CROP LOSS COMPUTATIONS

Computation of impaired drainage financial loss is shown for corn and
soybeans (Tables J-2 and J-3). For each crop, there are six scenarios to
account for natural soil wetness and tile capacity status. Multiplying
factors used to find the acreage for each scenario are summarized below
(Table J-1) and then shown in the location where used in the computations
(Tables J-2 apd J-3). These factors apply to the total study area,
225,347 acres.

Table J-1
FACTORS FOR WETNESS AND STATUS SCENARTOS
Skunk River Basin

Natural Soil Tile Capacity
Crop Wetness Status
Corn- (. 513) Very Poorly Drained (.042) Very Low (.046)
Soybeans (. 387) Poorly Drained (.461) Low (.214)

Medium (.119)

Figure J-1. Managing wet se¢lls Iincludes dralnage improvement.

J~1



AVERAGE ANNUAL IMPAIRED DRAINAGE L0SS FOR CORN (.513) i/
Skunk River Basin

Table J-2

Natural Soil 5/ Tile &4/ Loss 2/
Wetness Capacity Yield 3/ Production  of
Characteristic Status Area Reduction Loss Income
(ac) - (bu/ac) (bu) {dollars)
V. Poorly Dralned Very Low 223 105 23,451 58,628
(.042) (.046)
Low 1,039 65 67,538 168,844
(.21&)
Medium 578 10 5,778 14,445
(.119)
Subtotal 1,840 53 (ave) 96,767 241,917
Poorly Drained Very Low 2,451 59 144,637 361,593
(.461) (.046)
Low 11,405 39 444 783 1,111,958
(.214)
Medium 6,342 4 23, 367 63,419
(.119)
Subtotal 20,198 30 (ave) 614,787 1,536,970
TOTAL 22,038 32 (ave) 711,554 1,778,887

The decimal fractlons in parentheses represent the part of the total

225,347 acre study area.

Price of corn used was $2.50/bushel, the 1986 normalized price.

Yield reduction from ISU-SCS cooperative study, 1981.

Status from Skunk River Basin inventery in five LRA 103 counties.

From soils data developed for Des Moines River Bagin Study.



Table J-3

AVERAGE ANNUAL IMPAIRED DRAINAGE L0OSS FOR SOYBEANS (. 387) l/
Skunk River Basin

Natural Soil 5/ Tile 4/ Loss 2/
Wetness Capacity Yield 3/ Production of
Characteristic Status Area Reduction Loss Income
~ {ac) (bu/ac) ~{(bw) (d0llars)
V. Poorly Dralned Very Low 168 37 6,234 31,170
(.042) (.046)
Low 784 21 16,461 82,303
(.214)
Medium 436 5 2,179 10,897
(,119)
Subtotal 1,388 18 (ave) 24,874 124,370
Poorly Dralned Very Low 1,849 22 40,686 203,430
(.461) (.046)
Low 8,604 14 120,450 602, 248
(.214)
Medium 4,784 1 4,784 23,921
(.119)
Subtotal 15,237 11 (ave) 165,920 829,599
TOTAL 16,625 11 (ave) 190,794 953,969

1/ The decimal fractions in parentheses represent the part of the total

225,347 acre study area.

2/ Price of soybeans used was $5.00/bushel, the 1986 normalized price.

3/ Yield reduction from ISU-SCS cooperative study, 1981.

4/ Status from Skunk River Basin inventory In five LRA 103 counties.

5/ From soils data developed for Des Moines River Basin Study.












